Research on mutual cooperation among scholars or research institutions has become more and more common. The purpose of this paper is to explore the current status of cooperation between scholars and research institutions in the field of Chinese education. In this paper, we use the method of the complex network to analyze the cooperative behavior of academic papers published by Chinese educational scholars by collecting academic papers on education leadership, education policy, quality education, and vocational education. Our conclusions show that most of the academic papers published by Chinese educational scholars are non-cooperative. In the authors of the co-authored papers, there is a significant "Matthew effect", that is, some key scholars in these fields that link the collaborators. Lastly, there is no obvious aggregation effect between the authors of the co-authored papers which indicating a widespread and extensive connection between the collaborators. The above conclusions provide valuable insights into our understanding of the cooperative behavior of Chinese education scholars.
Introduction
China is a huge education country with hundreds of millions of school-age populations and a large and complete education system. Academic research in the field of education is of decisive significance for knowledge innovation, institutional innovation and personnel training in the education system. With the development of China's economy and society and science and technology, the demand for talents in the whole society has grown significantly. Meanwhile, the educational background of talents in various fields now has more detailed and targeted requirements compared with the past. As a result, pedagogy is gaining more and more attention, and there are more and more research directions in the field of pedagogy, which has led to more frequent interactions among researchers in the same field.
In the academic field, collaborative research is an important model for researchers to carry out knowledge innovation, and it is also an important way of knowledge dissemination. The social structure generated by cooperation has an important impact on the quantity and quality of knowledge production (Uzzi & Spiro, 2005) . The cooperative network structure existing in social organizations has been a subject of great concern to the behavior of organizational members and the performance of community organizations, it has been widely studied in sociology, economics, physics and other disciplines (Haifeng Nie & Jingjun Liu, 2014) . In the context of the rapid development of information technology in recent years, we can understand the complex world faster and better. Many systems in the reality that contain interactions between individuals can be abstracted into complex networks. Complex networks are one of the hotspots in the multidisciplinary research field of today's society (Watts & Strogatz, 1998; . A complex network generally refers to a network with a large number of nodes and a complex connection relationship. Many things can be abstracted into complex networks in our life. For example, when we chat with friends and relatives using mobile phones, we already formed a network unconsciously and if the router is connected with multiple computers, it can also form a complex network. The structure detection of communities is an important research topic of complex networks. The community structure is widely used in biology, physics, computer graphics, and sociology. Moreover, many community discovery algorithms have been developed from these disciplines. Through these algorithms, we can get some well-defined community structures (Ahn et al., 2010) . This paper focuses on the field of Chinese education and studies the cooperative behavior of Chinese educational scholars publishing academic papers through complex network methods. For this purpose, we have collected and compiled academic papers published in CNKI related to education policy, education leadership, quality education, and vocational education in recent years. Through the authors and other information, we explored the relationships between authors and their organizations to understand the cooperative behavior and structural distribution characteristics of Chinese education scholars in scientific research, so that we can help promote academic innovation in China's education field and optimize resource allocation.
Conceptions and Methods

Conceptions
Educational Leadership: Educational leadership refers to the ability to motivate, develop, and work with each individual in a school's organization (Leithwood, Jantzi, & Steinbach, 1999) . Educational leadership focuses on leadership effectiveness, and its essence is an influence, which requires education leaders to expand ways and means to consolidate and expand their creativity, cohesion, traction, impetus, and development. Educational leadership is a key force for educational organizations to seek survival and development (Leithwood & Riehl, 2003) .
Education Policy: Educational policy is a code of conduct for education that is formulated by political parties and countries to achieve educational development goals and tasks in a certain historical period, which is based on the basic tasks and basic policies of the party and the state in a certain historical period (Bell & Stevenson, 2006) . In China, education policies include the Education Act, the Teacher's Law, the Statute of Compulsory education, the Higher Education Act, the Vocational Education Act, the Law of Generally-used Words, the Law on the Protection of Minors and many other regulations.
Quality-oriented Education:
Quality-oriented education refers to an educational model that aims to improve the quality of all aspects of the educated. It attaches importance to people's ideological and moral quality, ability development, personality development, physical health, and mental health education. It aims at comprehensively improving people's basic quality, respecting human subjectivity and initiative, based on human character, focusing on developing the intellectual potential of human beings, and paying attention to the education that forms the basic characteristics of human beings' sound personality (Team, 2006) .
Vocational Education:
Vocational education refers to the education of the educated people to acquire the vocational knowledge, skills and professional ethics required for a certain occupation or production, such as pre-employment training for employees, reemployment training for laid-off workers, and various training. And also, vocational high school, secondary school, technical school, and other vocational school education are all included. The purpose of vocational education is to cultivate applied talents and workers with certain cultural level and professional knowledge skills (Gordon, 2003) . Compared with general education and adult education, vocational education focuses on the cultivation of practical skills and practical workability.
Small-world Network:
In the small world network diagram, most of the nodes are not adjacent to each other, but most of the nodes can be reached from any other point in a few steps. In this paper, each point in the small-world network is defined as the author of a paper in the direction of a particular subject, and the line that links each other represents whether the author directly has a cooperative relationship, such a small world network can respond to a certain small-world phenomenon that is connected by a cooperating author among the disciplines.
Scholars have proposed a variety of theories about the relationship between ideas and academic cooperation in sociology (Moody, 2004) . One of the famous academic cooperation mechanisms is the "Matthew effect", also known as the Preferential Attachment (Merton, 1968) . When a researcher exceeds other researchers due to some factors such as research ability, research status, and qualifications under certain conditions, he is more likely to receive attention, thereby attracting more resources and getting more opportunities for cooperation. Therefore, this kind of advancement makes the number of researchers' collaborators different. Some researchers have a large number of collaborators, but there may be little cooperation among their collaborators. We call these researchers 'key scholars'.
Research Methods
We first introduce the related concepts of the cooperation network. We use V = 1, 2, ⋯ , to represent a collection of all authors in a network. For the two authors i, j ∈ V, define the dummy variable to indicate the cooperation relationship between them, = 1 means that at least one article has been published by the two authors together, and = 0 means that there is no cooperation relationship between the two. The collection of all authors and the set of cooperative academic relationships between the authors constitute the cooperative network G.
Further, we use the following equation:
This equation is used to represent a collection of other authors in the cooperative network G that have a cooperative relationship with the author i. Thus, the number of collaborators of author i is = | |, which is called the degree of author i in network G. The average degree of a network G is defined as:
If , = 1 or there is a set of mutually different authors , , ⋯ , satisfying , = 1, , = 1, ⋯ , , = 1, we have a path between author i and author j.
For the implementation of the network diagram, we use the Python packages NetworkX and Matplotlib to achieve. Python is a computer programming language. It is a dynamic, object-oriented scripting language originally designed to write automated scripts (shells). As versions continue to be updated and new language features are added, Python is increasingly being used for independent, large-scale project development. It is simple, easy to learn, fast, open source, and has a rich standard library, which is very suitable for data processing and analysis (Smedt & Daelemans, 2012) .
NetworkX is a Python package for creating, manipulating and studying the structure, dynamics, and functionality of complex networks. It has a large number of standard graph algorithms, including a wealth of network structure and analysis measures, as well as classic maps, random graphs and generators for synthetic networks. It is easy to operate and can greatly improve the speed of data analysis.
Matplotlib is the visual operator interface for the Python programming language and its numerical math extension package, NumPy. It provides an application interface to the application's embedded drawing using common graphical user interface toolkits such as Tkinter, wxPython, Qt or GTK+. In addition, Matplotlib has a Pylab interface based on the image processing library, which provides a MATLAB-like interface.
Empirical Analysis
Data Sources and Processing
First of all, we used python to write crawler code, and crawled the journal articles searched by "Educational Leadership", "Education Policy", "Quality Education" and "Vocational Education". We stored the title, author, author unit, abstract, citation number and other information on the articles in an excel form.
Secondly, we sort the data according to the relevance of the entry keywords and process the first 1000 pieces of the crawled data separately. We removed the entries having an invalid link, and those of which the author or the author's unit on the article's information page is empty. After that, we got the final available data, and the results are shown in Table 1 . 
Generating the Network Diagram
We used python's existing NetworkX package to analyze the collated data and generate the corresponding relational network. Then used the Matplotlib package under Python to visualize the network, and finally got the network diagram. Figure 1 shows the cooperation network diagram based on the author's name. Each node in the network diagram represents an author, and the arrow points to the second, third, fourth author, etc. by the first author, and the direction of the arrow indicates the relationship between the authors of articles having multiple authors. At the same time, the nodes representing the author are weighted. The more arrows connected to one author, the more the author's collaboration with other authors, the higher the author's weight, and the larger the node represented in the network diagram as the author. It can be seen from Figure 1 that the authors' cooperative networks based on the four key words, education leadership, education policy, quality education, and vocational education, have a similar structure. A large number of independent and uncooperative authors are scattered around the network map, forming an elliptical scatter structure. Authors of cooperative relationships form a network of reciprocal relationships to the center through directed edges. There are some large nodes in the four networks. The larger the nodes, the more the number of collaborators of the author, which forms some important authors. Among these four networks, the network structure in Figure ( b) is more intensive, indicating that the number of paper collaborators on topics related to education policy is more and the degree of cooperation is more frequent. In Figures (a) , (c) and (d), on the other hand, there is one largest node in each network, indicating that there is a major author of the paper on the subject of educational leadership, quality education and vocational education. This author collaborated with others to publish more papers than other authors.
Based on the same method, we also processed the data of the authoring unit, and finally obtained the cooperative network diagram shown in Figure 2 . It can be seen from Figure 2 that the cooperation networks of the authors' units based on the four key words of education leadership, education policy, quality education, and vocational education have similar structures as in Figure 1 . A large number of authors' units are independent, scattered around the network map, forming an elliptical scatter structure. The cooperation between the authors' units is obviously less than the cooperation between the authors of the papers, indicating that the collaborators are more likely to be reflected in the cooperation between the authors of the same unit. In Figure ( 
Comparative Analysis
Through further analysis of Figures 1 and 2 , we can find the following phenomena. The first is that there are so-called "key scholars" in different fields of education that is, when a researcher surpasses other researchers because of factors such as research ability, qualifications, academic status, and influence, he is more likely to receive attention. Thereby attracting more resources and getting more opportunities for cooperation, which is called the "Matthew effect." This makes such researchers have a large number of collaborators, but there is little cooperation
